Abstract--There is a great enthusiasm with the prospect of big data among business and industry leaders, academia and researchers. A lot of big data tools and technologies have emerged recently to capture, store, process and analyze big data. One remarkable achievement is that a handful of open source technologies have been introduced by Apache Hadoop Foundation that allows any organization to undertake big data projects. Many big data projects have been implemented during the last few years. This paper explores the benefits achieved with those projects. Big data has been applied in diverse fields including scientific and medical discovery projects, studying social science phenomena, conducting meaningful observations of real-world phenomena and running analytics for healthcare and business. Many business organizations want to find new business opportunities such as fraud detection, customer sensitivity analysis, and new product offerings while some other business organizations are still pondering the long term value of big data investments. Business leaders and managers want to be sure that big data projects can deliver true value and provide long term benefits. This paper provides an account of how recent big data project initiatives have been successful in delivering business value and highlights what technology solutions are primarily used by those big data projects.
I. INTRODUCTION
Big Data is a new phenomenon that has recently emerged in data management discipline. While several organizations are enthusiastic to find new business opportunities with big data to drive the growth of their business many are not using big data because they do not fully understand what big data is or what are its benefits [37] . Wlodarczyk and Hacker [50] report that "although there is clear interest in big data, the adoption rate of analytical techniques fuelled by big data that can extract knowledge and value from these data is less understood". Kiron et al. [22] state that "the analytics revolution is still at an early point in its development. Many companies are still struggling to figure out how, where and when to use analytics." Research reports suggest that there are some barriers with implementing big data. One of the most prominent barriers is inadequate skills set [44] and there are issues of governance, lack of understanding as to how to leverage analytics for business value, lack of executive sponsorship [28] and compelling business cases.
Big data has become important with the emergence of data growth as a result of the Internet-generated data volume, machine generated (sensor) data and the evolution of social networking tools. Much of this new kind of data are unstructured when compared to relational database data which are structured. Big data has certain characteristics that make it distinct from 'normal data' stored in conventional relational database systems. It is not possible to capture, store, process and analyze them using the conventional database and business intelligence tools [20] which an organization's IT department has in its arsenal. This requires a new set of tools to process big data as 90% of such data are unstructured [41] .
Rajpurohit [42] observed that business managers continue to struggle to capture the business value from big data initiatives. But he suggested that business managers need to understand big data processes. They also need to understand that big data analytics is not an IT solution to data problem. It is a new paradigm to manage data and transform it into valuable insights [9] . Business managers have responsibility to understand the big data processes and take ownership [1] , [42] .
Big data has not just suddenly appeared. Organizations started generating huge data volume since mid-90s with the advent of the Internet technology, the start of widespread use of personal computers [2] and computing technology-based automation [41] . Initially there was not much computer hardware and software capability to process large volume of complex (unstructured) data. Now the computing industry is more mature in terms of hardware and software capability and efficiency. Data storage and computer hardware have now become much cheaper. Large volumes of data can be processed with processing capability on commodity servers. Though there are software and hardware capability available out there to process, store, and analyze big data will requires a new set of tools and technologies and new skill sets to manage, analyze and generate analytical results. This paper is organized as follows: Section 2 briefly discusses the use of big data and related work in this area. Section 3 provides an overview of big data characteristics. Section 4 provides success story big data projects. Section 5 talks about taking certain measures in initiating big data projects. Section 6 concludes the paper.
II. LITERATURE REVIEW
The rapid growth of data volumes is the byproduct of the use of the Internet, social media and smart mobile devices [36] . This huge volume of data which is known as Big Data requires a new set of tools and technologies to receive, store, process and analyze. Companies need to run their business based on IT infrastructure for strategic agility [48] . "Companies must employ information technology with a sophisticated understanding of the requirements for competitive advantage" [40] . To achieve the benefit of the big data companies need to drive action plans and get value out of data by applying algorithms and prescriptive models and technologies to solve specific business problems [3] .
Research on big data suggests that business and other organizations can drive their growth by using new and additional data generated from big data. Nambiar et al. [34] suggest that big data can revolutionize the healthcare industry by improving operational efficiencies, helping to predict and plan responses to diseases, optimize healthcare spending and can improve overall quality in healthcare system.
Governments of different countries including the U.S. and European Union have taken proactive initiatives in big data research. The US government has recently announced new funding initiatives for different agencies to conduct research in big data applications [26] , [45] . Governments are interested in using big data for predictive analysis applied to decision making and to improve national security [6] . Research [50] suggests that "almost half of the scientific publications using predictive analytics were in healthcare, smart services, the internet of things, and weather and environment."
A survey [39] of 211 senior marketers about big data effectiveness suggest that big data boosts marketing effectiveness. A leading practitioner of big data-based marketing said that her company had "achieved 8-23% sales, lift via its proprietary data analytics system compared to initiatives that did not use this resource" [37] . Bertino [6] observed that organizations are shifting reporting and decision support systems to predictive analytics as their next move in business intelligence. Rijmenam [35] suggested that the future of big data is to perform predictive analytics. With this he meant that "the objective of perspective analytics is not only to predict future outcome, but also to make recommendations based on those outcomes" [35] . Fan and Bifet [14] report that existing data mining tools are not capable enough to handle big data due to the volume and complexity. For big data a new set of machine learning algorithms and tools are emerging. Leading commercial data warehouse vendor, Teradata® [27] has announced development of tools such as R programming languages and other analytical tools to enable business users and analytical community skilled in SQL queries to access Hadoop-based data.
III. CHARACTERISTICS OF BIG DATA
Big data has several distinct properties ( Figure 1 ) which are identified by five V's -volume, velocity, variety, veracity and value [51] . Big data is big and complex in terms of volume, with characteristics that are beyond the capacity of conventional database systems and associated tools to capture, store, process and analyze. With the emergence of computer and the internet generated data the volume of data generation is much bigger [32] . Given round the clock generation of data in this digital age, it has become important to have the capability to receive, process and store data in real-time (velocity). In banking sectors most of the transactions occur electronically. In 2012, the numbers of credit and debit card transactions were 26 and 47 billion respectively [15] . This means that thousands to millions of transactions were created per minute. It has become increasingly important to integrate, process and analyze data flows from both internal and external sources in near realtime [13] . Big data refers to data that comes from many sources and in different formats (variety). The data is unstructured (more than 90%), semi structured and structured. For example, in banking, customer records are structured data; email header information (sender, receiver, date, etc.) are semi structured data while email text messages and other bank documents are unstructured data. As big data is mostly unstructured, data consistency issues come into play (veracity). Big data technologies are used to extract value from unstructured data. But, extracting real value out of unstructured data poses a question of accuracy and reliability [13] . To make data reliable and meaningful, big data technologies need to make sure traceability is ensured. Any question or doubt about the validity of data must be addressed via some traceability mechanism with data processing that follows some standard procedures. With regards to the characteristic, value, business organizations must find new business opportunities to utilize big data. One example for bank to use machine learning algorithms for predictive analytics to detect and prevent fraud. Big data systems provide capabilities for analyzing a greater breadth and depth of data [43] .
IV. BIG DATA USE-CASES, DEVELOPMENT AND IMPLEMENTATION
Industry and academic papers suggest that big data is used in different areas of research, businesses and government offices. For example, big data helps in agricultural sector with precision based agriculture yields. In agriculture, farmers collect massive amount of data through sensors "to predict the best time to plant, where to plant to improve yields, reduce operational costs and minimize environmental impacts" [53] . Here, big data technologies allow putting all data together and then running the proper analytics and making use of massively parallel computing architecture.
In an effort to augment the growth of big data analytics development Intel® has joined Hadoop community in offering enterprises the support of a big technology player in terms of its Hadoop distribution software [24] along with a new generation of processors to provide performance in big data processing and analyzing. Intel's proof of concept customer NextBio® confirmed software and hardware performance improvements on its computing resources using the Intel Hadoop distribution [24] . Figure 2 provides a list of high profile big data projects that were implemented in different fields of studies. The usecases were identified based on a study of recent articles that appeared at IEEE Big Data conference proceedings and a host of industry papers. All these case studies show significant benefits to customers. UC-01 (Figure 2 ) was conducted by the National Archive and Records Administration (NARA). It took the challenge of digitizing the huge of unstructured data from across the federal agency ecosystem, Congress and several presidential libraries [51] . The outcome of the use case showed faster ingestion of documents, and improved user experience and significant reduction of storage costs [51] . UC-02 was conducted by TerraEchos for premier intrusion detection [51] . By using big data tools and technologies such as streams analytics software and predictive analytics the project was able to provide a solution that helps organizations to protect and monitor critical infrastructure and secure borders.
UC-03 reports two use cases, one was conducted by the Royal Institute of Technology of Sweden to perform traffic pattern analysis [51] and the other was conducted by Garzo et al. [16] for location prediction over mobility traces. The traffic pattern analysis using big data technologies helps in handling a large traffic data streams to perform near real-time analytics on current traffic conditions. This has helped in decreasing traffic congestion and accidents in heavy traffic congestion cities. UC-04 big data case study was conducted by Vestas Wind Energy to build efficiency wind turbine placement and maintenance. The big data modeling solution has helped the Danish company to improve accuracy of wind turbine placement, reduce response time for wind forecasting by 97%, maximize power generation and reduce energy costs [51] .
UC-05 was about medical monitoring, undertaken by the Institute of Technology at the University of Ontario. The implementation of this big data project has enabled optimal patient monitoring. Patients connected to the equipment are continuously monitored for vital signs including blood pressure and heart rates. This application also allows for detecting infections in premature infants about 24 hours before they show symptoms.
UC-06 is designed to determine how to target real customers for an air-conditioning disaster recovery (DR) program with help of big data analytics [25] . In this project a targeting algorithm is used based on high resolution data collection method using big data. Here big data technology makes high resolution information available (i.e., data accuracy) which in turn helps in identifying each consumers demand consumption and targeting customers according for DR program.
UC-07 and UC-08 provide capabilities and usefulness of big data in healthcare system. These use cases show how big data projects can help in preventing diseases and improving patient treatments conditions. UC-09 reports a success story of big data technology's high speed data stream capability in real-time. This project used an open-source data streaming software called Storm [11] . UC-10 is another example of utilizing predictive analytics capability with big data. This project used smart gird data with advanced forecasting and a big data analytics platform to perform analytics on large scale data to improve energy efficiency and reduce costs [4] .
UC-11 uses a big data mining framework to accurately predict how far a customer will travel to buy a product and which shop will be chosen [38] . UC-12 uses an advanced machine learning algorithm by leveraging Hadoop distributed computing platform such as MapReduce [30] . This big data analytics framework was implemented for developing riskadjustment model of patient expenditures. Big data technology could be applied in building a decision model [52] for airport taxi drivers' trip to and from the airport (UC-13). UC-14 applied an incremental clustering technique with big data to improve the prediction of time series data with polynomial time [46] . UC-15 is a case study in predicting alarm in large-scale sensor networks in railroad. Railroad censors generate massive amounts of data about equipment conditions. Using big data predictive analytics this project was able to predict alarms associated with catastrophic equipment failures several days ahead [29] .
UC-16 provides a fast solution of load shedding problems using big data technology [7] . UC-17 provides a holistic predictive modeling solution for risk prediction in healthcare [54] . This large volume of healthcare predictions should be integrated with other heterogeneous sources used to improve quality of prediction. Big data technologies are used to store all data in one place (e.g., distributed file system), process them using paralleling processing system (e.g., MapReduce) and apply predictive analytics. This solution resulted in predicting the 30-day risk of admission for congestive heart failure. Big data helps in building consumer profiles based on social media activities.
UC-18 provides a story of successful construction of different consumer-segments using social media data [19] . This allows companies to offer the right products to the right customer segments which helps in increasing sales revenue. UC-19 is Intel's case study on IT log information analytics for incident prediction. This case study is able to reduce IT incidents by tracking data from previous incidents and predicting future behaviors. This use case reported that it was able to provide a 10 to 30% reduction in IT incidents which allowed a cost avoidance of $4 million over a two year period [8] .
In big data, predictive models are heavily used and more new tools are emerging to open them up to new users to apply to a varieties of use cases. The uses cases listed in Figure 2 shows that many of them dominated by big data predictive analytics. In IBM, researchers are applying predictive analytics to design diagnostics and evaluate treatments of patients at risk of heart failure as much as two years ahead of time [17] .
V. UNDERTAKING BIG DATA PROJECTS
Big data is a new paradigm [9] in terms of data characteristics as well as tools and technologies to be used. It requires financial involvement for acquiring new tools and technologies (many of them opens source though), training current work force to make them attain new skill sets and hiring new people (programmers and data scientists) who have strong knowledge in big data technologies. On the big data project implementation side, business leaders and project managers need to come up with some strategy that align big data with company business goals. They need to follow some criteria. They need to define a clear and measurable goals. Instead of worrying about collecting all tools and technologies they need to think about how far big data will drive business goals [5] . Will their data help in acquiring new customers or retaining current high profile customers? Business organization need to determine if their own data will be enough or they need external data. Answering these questions will help business managers in managing right data and acquiring right tools and technologies.
Business leaders and IT managers might think of running analytics test on small sets of data. This will help them to understand if big data will bring value to the organization and can be used to convince CEO or IT executive who do not see the value in spending time and resources on data and analytics. Bailey [5] suggests that one way to demonstrate "a clear connection between data and profitability and remove the intimidation factor is to test a small set". This will help to avoid getting bogged down in the tools and platforms at the very early stage of big data initiatives. Business and IT managers, project managers need to ensure that company CEO and CFO do not perceive that big data belongs to company's cost center rather than an investment for the entire company. Loshin [31] asserts that there needs to be a "clear processes for determining the value proposition". If not, the investment in the "technology were not grounded in expectations for clear business improvements."
Wheatley [49] reports seven best practices for big data retail analytics projects: (1) link the big data project to the business' strategies; (2) have clear project objectives; (3) walk in the customer's shoes; (4) start with the data you have; (5) look for quick wins and incremental gains; (6) get the team right; and (7) win executive sponsorship. He asserts that benefits outweigh the costs that leads to profitable gains in big data. In retail analytics space several big data analytics success stories have been reported. Many retailers use big data analytics to freshen up customer loyalty programs as well as product promotions (e.g., holiday promotions). One such example is that Walgreen's customer loyalty program is a key aspect of drugstore chain's revamp [12] . Having seen the benefits of big data analytics by online retail stores the brick-and-mortar retailers have started playing catchup on big data analytics strategies [12] . Starbucks executives [12] say that their store expansion plan to add hundreds of stores globally was driven by big data analytics results.
In order to deliver business value business managers have to ensure that big data provides quality information to users. This presents a challenge given the complex (mostly unstructured) nature of such data. Big data architecture must be designed in such a way that the data is traceable back to the source of origin. Smith [47] asserts that "there is no point on-boarding great big volumes of transactional data if it is not accurate, nor will ever be accurate." Smith [47] also points out properly organizing data and maintaining hierarchy in data which is one of the most critical parts of design to having simply an adequate solution versus a robust solution. Another key point is to maintain proper order in data integration effort. Smith [47] observes that for many companies data lives in the domains of multiple vendors. So an effective measurement and cohesive data management must be taken into consideration in integrating it into a big data landscape.
VI. CONCLUDING REMARKS
In this paper, an overview of big data characteristics was provided. We presented several successful big data initiatives that were implemented in diverse areas of business, engineering, research and government organizations. Highlighted, was how organizations are driving their growth by taking advantage of big data tools and technologies. We showed how big data started providing benefits to customers in different business areas including marketing analytics [10] and retail analytics [21] , in healthcare [18] , [23] , [33] resulting in positive impacts to the lives of ordinary citizens in society.
To take advantage of big data business and IT managers need to collaborate and come up with some specific plan to generate business value to the organization. We have pointed out several criteria for consideration in starting big data projects. Big data is not just owned by IT department. It needs to be driven and owned by business managers as well. That will allow business organizations to maintain increasing agility, add business value, improve business performance and provide strategic directions. "Smart leaders across industries will see using big data for what it is: management revolution. The challenges of becoming a big data-enabled organization can be enormous and require hands-on or in some cases hands-off leadership" [32] .
Further research can be conducted on how to replicate the success of these big data implementations on big data projects in small business enterprises. Activities of big data tools, technology and knowledge transfer need to be identified and articulated to promote them to small firms to allow them to drive growth and stay competitive.
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